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OPERATION AND MAINTENANCE MANUAL
FLOOD PROTECTION WORKS
BLACKSTONE, MASSACHUSETTS

FOREWARD

The successful functioning of flood protective works is not
assured solely by construction of a system of adequate dikes, diver-
sion channel and other appurtenant structures. If the system is to
perform the functions for which it was designed, it must be carefully
maintained during periods of normal river stages and properly op-
erated during flood periods.

The need for proper maintenance cannot be too highly stressed
in view of the fact that large damages may be incurred through failure
of a critical element in flood time, caused by deterioration or damage
that would have been eliminated by proper maintenance.

Necessary maintenance and proper operation require that re -
sponsible local persons have a thorough understanding of the functions
of the various units of the system, and the best methods of maintain-
ing the system and operating it during flood emergencies. It is the
purpose of this manual to provide complete information so that all
parties may know their responsibilities in maintaining and operating
the flood protection system in accordance with the regulations of the
Secretary of the Army as amplified by this manual.

The Flood Control Regulations for Maintenance and Operation
of Flood Control Works quoted herein were approved by the Acting
Secretary of War on 9 August 1944. Upon establishment of the
Department of Defense the improvement of rivers and harbors and
other waterways for flood control and other purposes, formerly
under the jurisdiction of the Secretary of War, became the re-
sponsibility of the Secretary of the Army. Reference therein to
the Secretary of War and War Department shall be construed to
mean, respectively, the Secretary of the Army and Department of
the Army. Where reference is made to the District Engineer in
the regulations included in this manual, it shall be construed to
mean the Division Engineer, U.S. Army Engineer Divi sion, New
England, Waltham, Massachusetts.
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SECTION I

INTRODUCTION

1. AUTHORIZATION

Restoration of a local protection project on the Blackstone
River at Blackstone, Massachusetts was authorized by the Chief of
Engineers on 28 January 1970 pursuant to authority contained in the
1941 Flood Control Act, as amended by Public Law 99, 84th Congress.

2. LOCATION

The project is located in south-central Massachusetts along
the right bank of the Blackstone River in the Town of Blackstone.
Blackstone is situated in Worcester County on the Massachusetts-
Rhode Island boundary just north of the city of Woonsocket, Rhode
Island. The Blackstone River basin is located in south-central
Massachusetts and northern Rhode Island, and is generally elon-
gated in shape with a length of about 49 miles, average width of
12 miles, and a total drainage area of 540 square miles. The
Blackstone River originates northwest of Worcester, Massachu-
setts, and flows in a southeasterly and southerly direction to the
mouth of the estuary in Providence, Rhode Island. The project
area along the right bank extends downstream from the St. Paul
Street Bridge to the abandoned New York, New Haven & Hartford
Railroad embankment.

3. DESCRIPTION OF PROJECT

The project consists primarily of an 860-foot long earth
dike with stone protection. The dike ties into an existing flood-
wall 180 feet downstream of St. Paul Street and blends into the
railroad embankment at the downstream end. A town highway
garage and existing drainage facilities were removed. Two new
drain inlets and pipe outlets to the river with flapgate closures
were constructed for the control of interior drainage.

4. PROTECTION PROVIDED

The project will provide overbank flood protection for public
properties essential to the welfare of the town of Blackstone. The



dike was des1gned for flood ﬂows up to 26 000 c.f. s. which equals
the August 1955 flood of record.

5. CONSTRUCTION HISTORY

Construction of the project was initiated on 22 August 1970
and was completed 1 June 1971. The project was constructed by
Gencarelli, Inc. of Westerly, Rhode Island. Apprommate quantities

of materials and 1tems used are as follows:

Exca.va',tion 9,100

C.Y.
Compacted earth fill 3,500 C.Y.
Compacted gravel fill 2,200 C.Y.
- Dumped gravel fill 600 C.Y.
Gravel bedding 1,700 C.Y.
Protection stone 3,300 C.Y.
. Topsoiling and seeding 3,600 C.Y.
'Drainage facilities 2 Job
6. PLANS

Full-sized tracings of '"as built" construction drawings have
been prov1ded to the town of Blackstone, and a set of reduced size
'"as built'" drawings showing the project as actually constructed
are shown in Appendix, E.




SECTION II

LOCAL COOPERATION REQUIREMENTS

7. FLOOD CONTROL ACTS

Section 3 of the Flood Control Act approved 22 June 1936
(Public Law No. 738, 74th Congress) provides '"That hereafter no
money appropriated under authority of this Act shall be expended
on the construction of any project until States, political subdivision
thereof, or other responsible local agencies have given assurances
satisfactory to the Secretary of War that they will:

""{a) Provide without cost to the United States all lands,
easements, and rights-of-way necessary for the construction of the
project;

(b) Hold and save the United States free from damages
due to the construction works;

{c) Maintain and operate all the works after completion
in accordance with regulations prescribed by the Secretary of War."

The Blackstone flood protection works was constructed under
authority contained in Public Law 99, Public Law 99, 84th Congress
amended the 1941 Flood Control Act and provides for emergency
restoration of existing flood control works.

8. ASSURANCES

Assurances were received from the town of Blackstone, signed
by the Board of Selectmen on 20 May 1970. In addition, local interests
performed and assumed costs assigned to project features other than
flood control. A copy of the assurance is included in Appendix B.



SECTION III

GENERAL REGULATIONS

9. PURPOSE OF THIS MANUAL

The purpose of this Manual is to present detailed information
to be used as a guide in complying with "Flood Control Regulations -
Maintenance and Operation of Flood Control Works' as approved
by the Acting Secretary of War on 9 ‘August 1944, and published in
this volume as Appendix A. In executing assurances of local
cooperation, the Town has agreed to maintain and operate the com-
pleted works in accordance with these regulations. The regulations
which are intended to cover all local protection projects constructed
by the Department throughout the United States, are general in
nature, and obviously cannot give detailed instructions for the
maintenance and operation of a specific project. The details set
forth in this Manual for maintenance and operation of the Blackstone
project are intended to supplement the regulations to permit obtain-
ing all the benefits and protection against floods for which the
project was designed. Failure to maintain and operate the project -
as required by the regulations and as detailed herein can cause
severe propert_y losses and loss of life and can result in an ir-
reparable loss of confidence in the flood protection system by
citizens who have invested their funds on the basis of the protec:
tion which it provides.

10. GENERAL RULES AND REGULATIONS |

Paragraph 208, 10(a) of the regulatlons prescribed by the
Secretary of War gives general rules for the maintenance and
operation of structures and facilities constructed by the United
States for local flood protection. Applicable portlons are quoted
below to avoid the necessity for cross reference and are further
defined by remarks under each quotation.

"(1) The structures and facilities constructed by the United
States for local flood protection shall be continuously maintained

in such a manner and operated at such times and for such periods

as may be necessary to obtain the maximum benefits. "




Thesc requirements cannot be overstressed, and the
Town authorities must make adequate provisions for funds,
personncl, cquipment and materials to allow for the proper
mitintenance and operation of the flood protective works.

"(2) The State, political subdivision thereof, or other
responsible local agency, which furnished assurance that it will
maintain and operate flood control works in accordance with
regulations prescribed by the Secretary of War, as required by
law, shall appoint a permanent committee consisting of or headed
by an official hereinafter called the '"Superintendent", who shall
be responsible for the development and maintenance of, and
directly in charge of, an organization responsible for the efficient
operation and maintenance of all of the structures and facilities
during flood periods and for continuous inspection and maintenance
of the project works during periods of low water, all without cost
to the United States."

The committee should be composed of competent mem-
bers, preferably men experienced in engineering or construction
work of a nature similar to the flood protection works. The com-
mittee must be given broad authority to carry out its responsi-
bilities. The name, address, and office and home telephone
numbers of the Superintendent, and any changes thereof, shall
be promptly furnished the Division Engineer.

"(3) A reserve supply of materials needed during a flood
emergency shall be kept on hand at all times. "
g P

Three men should be available to meet any ordinary
emergency that may occur during flood periods. Borrow pits
for embankment gravel and rock materials should be secured
and sources of additional supplies of materials, tools, and equip-
ment should be well established in order that these articles can
be obtained quickly in case of an emergency.

"(4) No encroachment or trespass which will adversely
affect the efficient operation or maintenance of the project works
shall be permitted upon the rights-of-way for the protective

facilities. "



"'(5) No improvement shall be passed 6ver, under or through
the walls, ]Levees, improved. channels or floodways, nor shall any
excavation or construction be permitted within the limits of the

. project right-of-way, nor shall any change be made in any feature

of the works without prior determination by the District Engineer
of the War Department or his authorized representatives that such
improvement, excavation, construction or alteration will not ad-
versely affect the functioning of the protective facilities. Such
improvement or alterations as may be found to be desirable and
permissible under the above determination shall be constructed
in accordance with standard engineering practice. Advice re-
garding the effect of proposed improvements or alterations on the
functioning of the project and information concerning methods of
construction acceptable under standard engineering practice shall
be obtained from the District Engineer,w_gr if otherwise obtained,
shall be submitted for his approval. Drawings or prints showing
such improvements or alterations as finally constructed shall be
furnished the District Engineer after completion of the work. "

"(6) It shall be the duty of the Superintendent to submit a
semiannual report to the District Engineer covering inspection,
maintenance and operation of the protective works."

"(7) The District Engineer or his authorized representatives
shall have access at all times to all portions of the protect1ve

works. "

The Division Engineer or his representatives will make
periodic inspections of the protective works to determine if the =
project is being properly maintained and operated by the Town.

, | "(84) Maintenance measures or repairs which thé District .
Engineer deems necessary shall be promptly taken or made. "

The Town should maintain the facilities and keep them
in good repair and not wait for the Division Engineer to call such
matters to its attention. Upon request, the Division Office will
advise the Town how to make any repairs to the facilities.

'"(9) Appropriate measures shall be taken by local auth-
orities to insure that the activities of all local organizations




operating public or private facilities connected with the protective
works are coordinated with those of the Superintendent's organiza-
tion during flood periods." '

"(10) The Corps of Engineers will furnish local interests
with an Operation and Maintenance Manual for each completed
project, or separate useful part thereof, to assist them in carry-
ing out their obligations under these regulations.'

The flood control committee should familiarize itself
with the contents of this manual. The Town authorities are en-
couraged to call on the Division Office of the Corps of Engineers
for any additional advice or instructions required by them in
carrying out the Town's obligations for maintaining and operating
the flood protection facilities.

11. MAINTENANCE

a. The word "'maintenance'' as used in this manual applies
to the upkeep, repair and care of the work constructed by the
United States and turned over to the Town of Blackstone. If the
work is neglected there will be deterioration and possible failure
in flood time when there is dire need of dependable protection.

b. Satisfactory and dependable operation depends on constant
maintenance. The organization that performs maintenance will be
familiar with various parts of the system and will be in a position
to use them effectively in time of stress.

c. Maintenance includes regular inspection of the entire
system. The purpose of an inspection is to detect any deteriora-
tion or faulty operation that indicates a need for repair or re-
placement.

d. Each of the major features of the project will be discussed
separately with respect to the points which, based on experience

with special project features, require special attention.

12. OPERATION

Operation in this manual refers to the actual use of the various

features of the protection works during flood periods. It is intended

7



that the procedure outlined herein will be sufficient to insure pro-
tection from floods to the designed flood stage. However, advice
relative to operation may be obtained at any time from the Engineer-
ing Division of the New England Division Office.

13. REPORTS '

a. The regulations prescribed by the Secretary of War call

- for semiannual reports to be submitted by the Superintendent to

the Division Engineer, covering inspection, maintenance and
operation. Inspection of the flood protective facilities shall be
made immediately prior to flood seasons, immediately following
floods and otherwise at intervals not exceeding 90 days as re-
quired by the regulations.

b. To assist the Superintendent in making his inspections
and reports, sample forms have been prepared and are included
in Appendix C. The Superintendent shall have additional copies
printed for use in submitting his reports.

c. The semiannual reports should be submitted in triplicate
to the Division Engineer each February and August. The reports
will be submitted in letter form with copies of the inspection forms
covering the inspections made during the period of the report. The
reports shall eover the following pointsi '

(1) A descr1pt1on of the maintenance work performed 1n
the precedlng six months.

(2) The number and classification of men Woi'king on
maintenance regularly and intermittently. '

(3) Descr1pt1on of any work performed by contra.ct on
the repair or 1mprovement of the project. '

(4) Desc,ription.of use or operation of the system dﬁring
the period being reported.

(5) Suggestions relative to public cooperation and
comments concerning public sentiment on the protection obtained
are considered pertinent and desirable data for 1nc1us1on in the
report, but such data are not required.




SECTION IV

DIKES

14. DESCRIPTION

The dike is composed of compacted earth fill with side slopes
of 1 vertical on 2 horizontal. It has 18 inches of rock slope pro-
tection to elevation 160 (msl) and grassed slopes above, on top, and
on the land side. The dike is 863 feet in length, varies in height up
to 7 feet, and is 12 feet wide on top. Two 15-inch diameter pipe
drains with flap valves extend through the dike.

15. MAINTE NANCE

Paragraph 208. 10(b)(1) of the prescribed regulations sets forth
rules for the maintenance of levees. These rules apply equally to
earth dikes, and applicable portions are quoted below.

",evees. - (1) Maintenance. - The Superintendent shall pro-
vide at all times, such maintenance as may be required to insure
serviceability of the structures in time of flood. Measures shall:
be taken to promote the growth of sod, to exterminate burrowing
animals, and to provide for routine mowing, of the grass and weeds,
removal of wild growth and drift deposits, and repair of damage .
caused by erosion or other forces. Periodic inspections shall be
made by the Superintendent to insure that the above maintenance
measures are being effectively carried out, and further, to be
certain that:

(i) No unusual settlement, sloughing or material loss
of grade or levee cross section has taken place;

(ii) No caving has occurred on either the land side or
the river side of the levee which might affect the stability of the
levee section;

(iii) No seepage, saturated areas, or sand boils are
occurring;

(iv) Not applicable




(\})_ Drains thi'ough'the levees and gates on said drains
are in good working condition;

(vi) No revetment work or riprap has been d1sp]‘aced
washed out or removed

(v11) No actmn is be1ng taken, such as burning grass and
weeds during 1nappropr1ate seasons, which will retard or destroy the

growth of sod;

(viii) "~ Not applicable .

(ix) . Not applicable ' .

(x) Crown of levee is shaped so as to drain i;eadily, and
roadway thereon, if any, is well shaped and maintained;

(xi) There is no unauthonzed grazing or vehicular traffic
on the levees,

(xu) ‘Encroachments are not being made on the levee right-
of-way which might endanger the structure or hinder its proper and
efficient functioning during time of emergency.

Such inspections shall be made immediately prior to the beginning
of the flood season; immediately following each major high water
period, and otherwise at intervals not exceeding 90 days; and such
intermediate times as may be necessary to insure the best possible
care of the levee, Immediate steps will be taken to correct danger-
ous conditions disclosed by such inspections. 'Regular maintenance

repair measures shall be accomplished during the a.pprop: jate season

as scheduled by the Superintendent, "

Any qnusual. settlement, sloughing or caving should be corrected
to restore the original dike grades. No major repair work shall be
made without prior approval of the Division Engineer in order that
such repairs that may be necessary will not adversely affect the

functioning of the protective facilities.,

Inspections of the dike shall be made during and after periods of
high water, as it is at such time that any weak spots will be discovered
- that might otherwise be overlooked.




. 16, OPERATION

| ~a. Paragraph 208.10(b)(2) of the prescribed regulations sets
forth rules for the operation of the levees. These rules apply
| equally to earth dikes and are quoted below.

"(2) Operation. - During flood periods the levee shall be
patrolled continuously to locate possible sand boils or unusual wet-
ness of the landward slope and to be certain that:

(i) There are no indications of slides or sloughs
| developing;
(ii) Wave wash or scouring action is not occurring;
(iii) No low reaches of levee exist which may be
overtopped;
{iv) No other conditions exist which might en-

danger the structure.

Appropriate advance measures will be taken to insure the
availability of adequate labor and materials to meet all contingencies.
Immediate steps will be taken to control any condition which en-
dangers the levee and to repair the damaged section. "

Patrolling the dikes should start when water reaches Elevation
160 mean sea level (msl) and should continue until the flood has
reached its peak and receded below elevation 160 msl. Patrolmen
should be thoroughly instructed as to their duties, what they are to
watch for, and the exact limits of their beat.

| 17. EMERGENCY REPAIR MEASURES

a. Scours. - Careful watch should be maintained over stretches

‘of the dike where scouring is likely to occur, particularly at curves
in the alignment where the dike is subject to heavy currents. If any
indication of scouring is observed, soundings should be taken to ob-
serve the amount and progress of the scour. Sandbagging or dumped
rock will generally afford the most practicable means of combatting
this condition. The open ends of sandbags so used must be sewed or
tied after filling with earth.




b. Sand boils

(1) General, - A sand boil is the result of a transfer
of pressure head and seepage from the river through a pervious stratum
near or at the surface to the landside of the levee. This seepage under
pressure tends to push its way to the surface and actually floats the
material through which it flows. No harmful effect results provided
the weight of the relatively impervious soil layer overlying the pervious
stratum, in which the flow under pressure is occurring, is sufficient
_to counterbalance this pressure. When the soil stratum overlying the
pervious layer is insufficient to counterbalance the upward pressure
- or when no such stratum exists, boils break through the surface on
the landside wherever these weaknesses are present. The sand boil
may discharge relatively clear water or the discharge may contain
quantities of sand and silt, depenchng upon the magnitude of the pressure
and the size of the bo11

-(2) Effects of Sand Boils. - Sand boils can produce
three distinctly different effects on the levee, depending upon the condi-
tion of flow under the levee. These three effects are illustrated in .
Appendix D. In Figure 1, Plate No. 1, the seepage flow develops a
definite pipe or tube under the levee. This breaks out at the landside
toe in the form of one or more large sand boils. Unless checked,

' this flow causes a cavern to be developed under the levee, resulting

in subsidence of the levee and subsequent overtopping. This case can

' be most eas11y recognized by slumping of the levee crown. Figure 2,
Plate No. 1, illustrates’the case where seepage flows under pressure.
under the levee without following a defined path, as was the case above.
This flow ‘results in one or more boils outcropping at or near the
landside toe. The flow from these boils tends to undercut and ravel
the slope, resulting in a sloughing of the slope. Evidence of this

type of failure is found in undercutting and ravelling at the landside
toe. Figure 3, Plate No. 1, shows a third type of effect of a sand boil.
In this case, numerous small boils, many of which are scarcely

- noticeable, outcrop at or near the toe. While no boil may appear to

be dangerous in itself, the consequence of the group of boils is to cause
flotation of the soil, thereby reducing the shearing strength of the
material at the toe, where maximum shearing stress occurs, to such
an extent that failure of the slope through sliding results.




(3) General Instructions for Handling Sand Boils. - All
sand boils shall be watched closely. All boils shall'be marked con-
spicuously with flagging so that patrols can locate them without
difficulty and observe changes in their condition. A sand boil which
discharges clear water in a steady flow'is usually not dangerous to °
the safety of the levee. The only action necessary in this case is to
drain the excess water off to prevent it from standing near the levee.
However, if the flow of water increases, and the sand boil begins to’
discharge material, corrective action shall be undertaken immediately.

(4} Method of Treatment

(a) The accepted method of treating sand boils
is to construct a ring of sand bags around the boil, building up a head
of water within the ring sufficient to prevent further movement of sand

" and silt. The accepted method of ringing a sand boil, shown on Plate

No. II of Appendix D, is as follows:

1. The entire base of the sack ring is cleared

~of debris, in order to provide a watertight bond between the natural

ground and the sack ring.

+

2. The sacks are then laid in a’ ring around ~

the boil with joints staggered, and with loose earth betweeén all sacks.

4 3. The ring is carried only to a height suffi-’
ciént to prevent material from being discharged. The ring should’

not entirely stop the flow of water, because of the probablhty of the

excessive local pressure head causing additional ruptures of impervious
strata_and boils nearby.

‘4. A "V" shaped drain constructed of two
boards or a piece of sheet metal, is then placed near the top of the
ring to carry off the water.

) (b) Actual conditions at each sand boil will
determine the exact dimensions of the ring. The diameter and height '
of the ring depend on the size of the boil, and the flow of water from
it. In general, the following considerations should govern:

1. The base width should be no less than
1 1/2 times the contemplated height.

13



2. It is well to include weak ground near the ’
boil within the rmg, thereby preventing a break- through later.

3. The ring should be of suffxcxent size to
pern‘ut sacking ope ratmns to keep ahead of the flow of water.

(c) Where many boils are found to exist in a
given area., a rmg levee of sandbags shall be constructed around the
entire area and, if necessary, water pumped into the area to provide
sufficient weight to counterbalance the upward pressure.

d. Sloughs. During prolonged high water stages, seeping and
sloughmg conditions on the back slopes may occur. Such conditions -
should be observed closely as to progress of seepage up the back slope
and the amount of material that is being carried by the water. If the
.seep veloc1ty becomes great enough to cause, or probably cause, erosion
or sloughing of the slope, a sandbag covering should be placed on the
seeping area, beginning well.out from the toe and progressing up the
slope. The covering should extend several feet beyond the saturated
area. If the material is obtainable, the affected area should be covered
with brush, straw or similar permeable. ‘material to a. depth of two to
four inches before placing the sandbag cover. This will permit the seep
water to get away while serving as a filter to prevent loss of earth from
the dike. After the covering is placed, close observation should be
maintained and additional layers of sandbags placed on the previous ones
until the ve10c1ty of the seepage is reduced to a point at which the amount -
of material carried is neghg1ble. Sacking sloughs are illustrated on

g Plate No. II of Append1x D.

_ “e. Ra1sug Existing Earth Dikes. - In an emergency, time and
. other conditions permitting, the grade of a dike can be safely raised
three feet. The methods most commonly used for this purpose are
outlined in the following paragraphs.

(1) Sa.ndbag fbppmg_ The sac‘k ord1né.r11y used for

topping an earth d1ke is a grain or feed sack which holds 100 pounds.
Smaller sacks may be used if feed sacks are not available. Grain sacks,
filled with about one ‘cubic foot of earth, weighing about 100 pounds,

will provide a unit about six inches. high, one foot wide and two feet in
length. :




The sacks may be filled at the source of material and hauled
to the dike or filled from stockpile or borrow areas at the dike,
conditions determining the method employed. The same is true of
filling; i.e., whether power or hand methods are used. The open
end of the sacks should always face upstream or toward the riverside
of the dike and need not be sewed or tied. When the sack faces the
river the loose end should be folded under and when facing upstream
the loose end covered by the succeeding sack.

The front line of sandbags in the first layer should be laid
parallel to the dike centerline and remaining bags at right angles
to the centerline. The sandbags in the second layer are all laid at
right angles to the centerline, the third row similar to the first,
etc., as shown on Plate No. IV of Appendix D. All sacks should be
lapped about 1/3 each way and well mauled or tramped into place.
The sacks should be filled to 2/3 their capacity when flattened out
to facilitate proper placing and prevent bursting the sack when mauled
or tramped into place.

Plate No. IV illustrates the progressive method of increas-
ing the dike height and gives an approximation of the number of sacks
required for dike< of various heights. Plate No. V shows pictures of
model sack dike or topping.

A crew of 50 men should fill, carry and place approximately
1500 sacks per eight-hour day, all hand labor, when the source of
material is within 150 feet of the point of placement. Production will
depend on conditions at the site.

(2) Lumber and sandbag topping. - This is the most satis-
factory method of raising low reaches of earth dike in emergencies.
The chief objection is the time required to install. In putting on
this topping, as well as any other topping, a careful line of levels
should be run and grade stakes set in advance unless the dike top
follows a dependable grade-line. Two-by-four or two-by six inch
stakes should then be driven on the riverside of the crown six feet
apart and one-by-twelve inch boards nailed to landside of the stakes.
This wall, backed with a single tier of sandbags, will hold out at least
one foot of water. If the second foot is necessary, the layers of bags
will have to be increased in number and reinforced. Sandbags are
laid substantially in the manner described in (1) above. The stakes
should be driven at least three feet into the ground, leaving at least
three feet out, which will, in extreme cases, hold a three-foot topping

15




if pro'perly‘bra'ced_ﬁeh_i'nd with sandbags. Plate No. V
~illustrates this method of raising a dike. :

I, Appendix D




|

SECTION V

DRAINAGE STRUCTURES

18. DESCRIPTION

Two 15-inch diameter concrete pipe culverts through the dike
are provided to drain the interior surface water. Cast iron flap
valves are provided on the river side of the dike.

-19. MAINTENANCE

""Normal maintenance as required for this type of structure
should be performed. Adequate measures shall be taken to insure
that the flap valve is kept free of trash, drift or debris that would
interfere with the operation of the flap valve, Regular inspection
shall be made by the Superintendent to be certain that:

(1) Pipes, gate, operating mechanism and riprap
are in good condition.

(2) Inlet and outlet are open.

(3) Care is being exercised to prevent the accumulation
of trash and debris near the structures, and that no fires are being
built near the bituminous coated pipe.

(4) Erosion is not occurring adjacent to the structure
which might endanger its water tightness or stability.

Immediate steps will be taken to repair damage, replace missing
or broken parts, or remedy adverse conditions disclosed by such in-

spections. "

20. OPERATION
Whenever high water conditions impend, the flap valve shall be

inspected a short time before water reaches the invert of the pipe,
and any object which might prevent closure of the valve shall be removed.

17




SECTION VI

DRAWINGS AND SPECIFICATIONS

21. DRAWINGS AND SPECIFICATIONS

" A complete set of plans and specifications was furnished
the town of Blackstone, The Commonwealth of Massachusetts and other
interested state agen'c_:ie's, at the time of initiation of construction of:
the project. A full-size set of plans showing the project as actually
constructed was furnished the town at the time of transmittal of
this manual. Reduced prints of these drawings are included in
Appendix E. ' ' ' '




APPENDIX A

REGULATIONS OF THE SECRETARY OF THE ARMY




TITLE 33—NAVIGATION AND
NAVIGADLE WATERS

Chapler N—Corps of Enginrers, War
Department

Pur 238—Frocr Coxreod Racowuarions

MAINTENANCE AND OCPEIATION OF FLOOD
CONIROL WQIAXRS

Pursuant to the provisions ¢f sectiua 3
of the Act of Cangress appreved June 23,
1834, a3 amended ang aupplemented (43
Stat. 1871; 50 Stat. 877 and 83 Slas.
€38; 33 U. 8. C: 701c; 701c-1), the fol-
lowing regulations are hevedy prescribed
to govern the malmenance and opera-
tion of fiood control works:

§$308.10 Local focd protection works;
maintenance and opsrelion of siruciures
and focilittes—is) Cunerclk (1) The
structures and faclitiss canstructed by

(3) The Rate, political subdivision
thereaf, or other responsible local
agensy, which furnished assarance that
1t will maintain and operate flocd ccn-
trol works tn accordance with reguls-
tions prescrided by the Secretary of War,
a8 required by law, shall appoint & per-
manent committee conaisting of or
headed by an official hereinafler called
the “SBuperintengdznt,” who shall be re-
sponsible for the development and main.
tenance of, and directly In charge of, an
organizaticn responsible for the efftisnt
operution and maintenance of all of the
structures apd fac{lities during fiood
periods and foz continuous inspection
and maintenance of the profect works
during pericds of low watez, all without
cast to the United Btates.

(3) A reserve supply of materiala
needed during s focd emergency aball
ke kcps on hand at sll times,

(4¢) No encroschment c©r respass
which will adversely affect the efficient
cperntion or mantenance of ths project
works shall be permitted upon the righta-
of-way for the protective facilitics.

{(8) No improvement shall be pasyed
ovez, under, or through thg walls, levens,

permitted within the lmits ¢f the proj-
ect right-of-way, nor shall any change
be made In any feature of the worka
without prior determination by the Dis-
trict Engincer of the War Department
cr his .authorized rvcpresentative that
sich improvemsnt, excavation, censtruc-
tion, or alteration will not adversely af-
fect the functicning of the protective
facilities, Buch tmprovements or alter-
ations as may bz found to be desirable
and permissible under the above de-
terminaticn shall be constructed in ac-
cordance with standord cngineering
praciice. Advice regarding tha effect of
praposed improvements or alterations
on the functioning cf the project end (n-
{ormation concerning methods of con-
struction acceplable under standard en-
gineering practice shall be obtained from
the Diatrtct Engineer or, if otherwise
oblained, shall be submitted for his ap~
proval. Drawings or prints chowlng
sush improvements or allerations as
finally constructed shall be furnished the

- District Engineer after cempiction of the

work.

16) It zhall Le the Guly oF Wi sbper-
tuteodeut to subieit 8 scialnuaual report
to the District iagineer covering inspec-
ton, mainteannce, ond operstion of the
protective works. .

{7} The Dustrict Buoginesr or his au.
thorlzod represehtatives ahall have ac-
ccos at all Lptes Lo &l paruens of the pro-
tectve works.

{3) Maintenanee measures 7 repairs
which the Distrizt Prgineer docms nec-
exary shall be prempily taken or made,

(M Appropriate measures shall be
taken by lsral autherities to insure that
the activities of all local organizatisns
operating pulblic or private faciiitiss con-
zeeted with the protective works are co-

tion during flocd pertods.

(10} The War Depariment will furnsh
{ocal interests with an Cperadion and
Maintensance Manua] for each completed
praject, or separate usceful part heveot,
to assist them ta carrying cul their cb-
ligations unter thess regulations.

{®) Levers--i{1) AMointengnce. The
Superintendant hall provide st all times
suck maintenance as may be required to
{nsure serviceabllity of the structures in
titpe of flocd. Measures shall be taken
to promote the growth ¢f sod, extermi-
nate burrowing snlmals, and to provide
for routine mowing of the grass and
weeds, ranoval of wild growth and drift
depesits, and repalr of damage caused by
erosion or other forces. Where prac-
ticable, messures chall be taken to retard
bank ergsion Dy planting of willows or
other suitadle growth on areas riverward
of the levees, Pericdle inspecticns shall
be made by the Superintendent to insure
that the above maintenance measures
sre being cffectively carricd cut and,
further, t0 be certain thas:

{1) No unusual cetilement, sloughing,
or material o of grade or levee cross
section has taken place;

(1) No caving has cccurred on elther
the land side or the river side of the leves
which might affect the stabllity ¢f the
leves secticn:

(11i) No seepage, soturated arcas, or
sand boils arc cceurring;

{iv) Toe drainage oystems ond pres-
aure retief wells are in good working con.
dltion, and thaot sueh focuties aro not
bacoming clegged;

(v} Drains through the levees and
gates on sald drofs ore in gocd werking
condition:

(v1) No revetment work or riprup hos
been dicploced, woshed out, or removed;

(vll) No oction 13 beina taken. such
as burning gross and weeds douing in-
appropriote ocasens, which will retard
ar 8estroy the growth of asd;

(vill) Acceszreads (o and on the leves
are being preperly waintalned;

(x) Cattle guords and gates are in
gocd condition;

{x) Crown of lcvee is shaped 80 a8 to
drain readily, and readway thereon, i
any, 15 well shoped and maintained;

(x1) There 1o no unauthsriced grasing
or vehicular trofiic on the levees;

(xif) Entroachments are not deing
made en the levee right-of-way which
might endonger the structure er hinder
its proper and cficient functioning dur-
in times of emergency.

Suzh inopections choll be mads m-
mediately prior to the beginning of ths
flood sencon; immedintely following cach
major high water pericd, and otherwise
at intervols not exceeding 80 days, and
such intermediote times as moy be neces-
sary to insure the best pussible care of

the lever, lracicdinte steps will be taken
to correct d .nzercus cunditions disclesed
by such ingpeeiions. KRegular mainte-
nance repalr measures shall be scoom-
plished duri.g the appropriate sassoD
as scheduled by the-Superintendent.

(3) Opcration. During flocd periods
the levee shall be patroited continuously
to locate possible sand bofls or unwmsusl
wetness of {he lsndward slope and to be
certoin that:

t1» There are no indications of alides
or sloughs dereloping:

(15} Wave wash or scouring action 15
not occurring;

(i) No low reaches of levee exist
which may be overtopped.

(v) No other cunditions exist which
might endanger the structure.

Appropriate advonce measures will be
taken to insure the availability of ede-
quate labor and matertals to meed ail
eontingencies, Immediate steps will be
taken to contrel ony conditon which
endangers the levee and to repalr the
damaged section.

{¢) Flood tcalln—(1) Maintenanee.
Periodic inspections ghall be made by the
Buperintendent to be certaln that:

(1) No ceepage, saturated oress, o
sand tolls ard ocourring:

(i1) No undue scttlement has cccurred
which affects the stability cf the wsll or
1ts water tightness; ’

1131) No trees exist, the rocts of which
might extend under the wall and cffer
accolerated seepage pothas

{iv) The concrete has not undergone
crackicg, chipping, or breaking to an
extent which might affect the stability
of the wall or Its water tightness;

(v) There are no encreachments upen
the right-cf-way which might endanger
the structure cr hinder its functicaing
in tims of fiocd.

tvi) Care is being exercised to rre-
vent accumulntion of trash and debris
sdjacent to walls, and to Insure that no
fires are being buflt near them:

{vt}) No bank caving candittons exist
riverward of the woll which migut en-
danger its, stability;

(vil)) Toe drotnage Gystems ond pres-
sure rellef wells are in good wozking con-
ditien, and that such focilities are not
becoming clogged

Such tnspecticns chall be mode imme-
djately pricr to the beginning of the ficod
searsn, tmmediately folowing each ma-
lor high water perled, and otherwise at
intervals not exceeding 90 duys. Meas-
ures to eliminate epcroachments and ef-
fect repalrs found pecessary by such in-
spections sball be undertaken imiged-
ately. All repalrs zhall be accomplished
by mecthods acceptable in standard en-
gineering practice.

(2) Operation. Continuous patrol of
the wall shall be maintained during flocd
peritds to locate pessidle leakage at mon-
olith foints cr seepage underneath the
wall. Fcating plant or beata will not be
allowed to lie agalnst or tie up to the
wall. Zhould it become necessory during
s food emergency to pass ancher cables
over the wall, adequale measures
be taken to protect the concrete and con-
atruction joints. Immediate steps shall
te taken to correct any condition which
endangers the stability of the wall.

(4) Drainage structures—(1) Maint.-
nance. Adequate mneasures shall be taken
to insure that Inict and outlet channels
are kops open nad that trash, drift, or
debris 1o not allowed to acoumulate nedd
drainage structures. Flap gates and
manually operated gules ond valves on




drainage structures shall be examined,
oiled, and trial operated at least once
every 90 days. Where drainage struc-
tures are provided with stop log or other
emergency closures, the condition of the
equipment and its housing shall be in-
spected regularly and a trial installation
of the emergency closure shall be made
at least-once each year. Perlodic inspec-
tions shall be made by the Superintend-
ent to be certain that:

(1) Pipes, gates, operating mechanism,
riprap, and headwalls are 1n good con-
dition;

(i1) Inlet and outlet channels are open;

(1it) Care is being exercised to prevent
the accumulation of trash and debris
near the structures and that no fires are
being built near bituminous coated pipes;

(iy) Erosion is not occurring adjacent
to the structure which might endanger
its water tightness or stability,

Immediate steps will be taken to re-
palr damage, replace missing or broken
parts, or remedy adverse conditions dis-
closed by such inspections.

(2) Operation. Whenever high water
conditions impend, all gates will be in-
spected a short time before water reaches
the invert of the pipe and any object
which might prevent closure of the gate
shall be removed. Automatic gates shall
be closely abserved until it has been as-
certained that they are securely closed.
Manually operated gates and valves shall
be closed as necessary to prevent inflow
of flood water.* All drainage structures
in levees shall be inspected frequently
during floods to ascertain whether seep-~
age is taking place along the lines of
their contact with the embankment.
Immediate steps shall be taken to cor-
reet any adverse condition. .

(&) Closure structures—(1) Mainte-
nance. Closure structures for traffic
openings shall be inspected by the'super-
intendent every 90 days to be certain
that:

(1) No parts are missing;

({iy Metal parts are adequately cov-
ered with paint; .

(ii{) All movable parts are in satis=
factory working order,

(iv) Prgper closure can be made

promptly when necessary; N
" (v) Sufficient materials gre on hand

for the erection of sand bag closures and.

that the location of such materials will
be readily accessible in times of emer-
gency.

Tools and parts shall not be removed
for other use. ‘Trial erections of one or
more closure structures shall be made
once each year, alternsting the struc-
tures chosen so that each gate will be
erected at least once in each 3-year pe-
riod. Trial erection of all closure struc-
tures shall be made whenever a change is

- made in key operating pérsonnel. Where
rallroad operation makes trial erection of
a closure structure infeasible, rigorous
inspection and drill of operating per-
sonnel may be substituted therefor,
Trial erection of sand bag closures is not
required. Closure materials will be care-
fully checked prior to and following
flood periods, and damaged or missing
parts shall be repaired or replaced im-
mediately.

(2) Operation. Erection of each mov-
able closure shall be started in sufficient
time to permjt completion hefore flood
waters reach the top of the structure
sill. Information regarding the proper
method of erecting each individual clos-
ure structure, together with an estimate
of the time required by an experienced
crew to complete its erection will be given

in the Operation and Maintenance Man-
ual which will be furnished local interests
upon completion of the project. Closure
structures will be inspected frequently
during flood periods to ascertain that no
undue leakage is occurring and that
drains provided to care for ordinary leak-
age are functioning properly. Bcats or
floating plant shall not be allowed to tie
up to closure structures or to discharge
passengers or cargo over them.

(f) Pumping plants—(1) Mainte-
nance. Pumping plants shall be inspected
by the Superintendent at intervals not
to exceed 30 days during flood seasons
and 90 days during off-flood seasons to
insure that all equipment is in order for
instant use. At regular Intervals, proper
measures shall be taken to provide for
cleaning plant, buildings, and equipment,
repainting as necessary, and lubricating
all machinery Adequate supplles of
lubricants for all types of machines, fuel
for gasoline or diesel powered equipment,
and flash lights or'lanterns for emergency
lighting shall be kent on hand at all
times, Telephone service shall be main-
tained at pumping plants. All equip-
ment, including switch gear, transform-
ers, motors, pumps, valves, and gates
shall be trial operated and checked at
least once every 90 days. Megger tests
of all insulation shall be made whenever
wiring has bheen subjected to undue damp-
ness and otherwise at intervals not to
exceed one year. A record shall be kept
showing the results of such tests. Wir-
ing disclosed to be in an unsatisfactory
condition by such tests shall be brought
to & satisfactory condition or shall be
promptly replaced. Diesel and gasoline
engines shall be started at such inter-
vals and allowed to run for such length
of time as may be necessary to insure
thelr ‘serviceability in times of emer-
gency. Only skilled electricians and me-
chanics shall be employed on tests and
repaits. Operating personnel for the
plant shall be present during tests. Any
equipment removed from the station for
repair or replacement shall be returned
or replaced as soon as practicable and
shall be trial operated after reinsial-
lation. Repairs requiring removal of
equipment from the plant shall be made
during off-flood seasons insofar as prac-
ticable.

(2) Operation. Competent operators
shall be on duty at pumping plants when-
ever it appears that necessity for pump
operation is imminent. The operator
shall thoroughly inspect, trial operate,
and place in readiness all plant equip-
ment. The operator shall be familiar
with the equipment manufacturers’ in-
structions and drawings and with the
“Qperating Instructions” for each sta-
tion. The equipment shall be operated
in accordance with the above-mentioned
“Operating Instructions” and care shall
be exercised that proper lubrication is
being supplied all equipment, and that no
overheating, undue vibration or nolse Is
occurring. Immediately upon flnal re-
cesslon of flood waters, the pumping sta-
tion shall be thoroughly cleaned, pump
house sumps flushed, and equipment
thoroughly inspected, olled and greased.
A record or log of pumping plant opera-
tion shall be kept for each station, a copy
of which shall be furnished the District
Engineer following each flood.

(g) Channels and floodways — (1)
Maintenance. Periodic inspections of
improved channels and floodways shall
be made by the Superintendent to be
certain that:

(1) The channel or floodway is clear of
debris, weeds, and wild growth;

(ii) The channel or floodway is not
being restricted by the depositing - of
waste materials, building of unauthor-
ized structures or other encroachments;

{iii) The capacity of the channel or
flooaway is not being reduced by the
formation of shoals;

(tv) Banks are not being damaged by
rain or wave wash, and that no slough-
img of banks has occurred;

(v) Riprap. sections and deflection
dikes and walls are in good condition;

(vl) Approach and egress channels
adjacent to the improved channel or
floodway are sufficiently clear of obstruc-
tlons and debris to permit proper func-
tioning of the project works.

8uch inspections shall be made prior to
the beginning of the flood season and
otherwise at intervals not to exceed 90
days. Imiheaiate steps will be taken to
remedy any adverse conditions disclosed
by such inspections, Measures will be
taken by the Superintendent to promote
the growth of grass on bank slopes and
earth deflection dikes. The Superin-
tendent shall provide for periodic repair
and cleaning of debris basins, check
dams, and related structures as may be
necessary.

(2) Operaticn. Both banks of the
channel shall be patrolied during periods
of high water, and measures shall be
taken to protect those reaches being at-
tacked by the current or by wave wash,
Appropriate measures shall be taken to
preven: the formation of jams of ice or
debris, Large objects which become
lodged againsi, the bank shall be re-
moved. The improved channel or fiood-
way shall be thoroughly inspected imme-
diately following each major high water
period. As socon as practicable there-
after, all snags and other debris shall be
removed and all damage to banks, riprap,
deflection dikes and walls, drainage out-
lets, or other flood control structures
repaired.

(h) Miscellaneous facilities — (1)
Maintenance. Miscellaneous structures
and facilities constructed as a part of
the protective works and other structures
and facilities which function as & part
of, or affect the efficient functioning of
the protective works, shall be periodically
inspected by the Superintendent and ap-
propriate maintenance. measures taken.
Damaged or unserviceable parts shall be -
repaired. or replaced without delay.
Areas used for ponding in connection
with pumping plants or for -temporary
storage of interior run-off during flood
periods shall not be allowed to become
filled with silt, debris, or dumped ma-
terial. The Superintendent shall take
proper steps to prevent restriction of
bridge openings and, where practicable,
shall provide for temporary raising dur-
ing floads of bridges which restrict chan-
nel capacities during high flows.

(2) Operation., Miscellaneous facili-
ties shall be gperated to prevent or re-
duce flooding during perlods of high
water. Those facilities constructed as
a part of the protective works shall not
be used for purposes other than flood pro- -
tection without approval of the District
Engineer unless designed therefor, (49
Stat. 1571, 50 Btat. 877; and 55 Stat. 638;
33 U.S.C. 701c; 701c-1) (Regs. 9 August
1944, CE SPEWF)

[spAL] J. A. ULto,
Major Generdat,

The Adjutant General.

[F. R. Doc. 42-12285; Filed, August 16, 1944;
6:44 a.m.}
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ASSURANCES OF LOCAL COOPERATION



T————

APPROVED BJ

"

ASSURANCE
OF THE

TOWN OF BLACKSTONE

WHEREAS, the Blackstone Flood Control Restoration Project,
Blackstone, Massachusetts, approved under date of 28 January 1970 by the

Chief of Engineers under authority granted by the 1941 Flood Control Act, as

ENGRG DIV
OFRICE OF
C SE L, [

_Mu

REAL EST DIV

amended by Public Law 99, 84th Congress, provides for restoration of a flood-
wall which consists of removing the damaged portion of said floodwall and
constructing an earth dike that will begin about 180 feet downstream of

St. Paul Street and follow parallel to the river and connect to the railroad
embankment. The dike will have a 12-foot top width and 1 vertical on 2
horizontal side slopes; and

WHEREAS, the first cost of construction for this restoration is pres-
ently estimated at $146, 000. 00, including estimated non-Federal costs of
$9, 000. 00 for accomplishment of Item a below; and

WHEREAS, the proposed restoration is approved subject to the condi-
tions that local interests execute certain assurances satisfactory to the
Secretary of the Army; and

WHEREAS, local interests desiring the prosecution of the project are
agreeable to executing said assurances;

NOW, THEREFORE, the Town of Blackstone, acting by and through its
Board of Selectmen, duly authorized, hereby assures the United States of
America that it will:

a. Provide, without cost to the United States, all lands, easements and
rights-of-way, utility and basketball court relocations and alterations nec-
essary for project construction, including disposal areas and removal of the
town highway garage;

b. Hold and save the United States free from damages due to the

construction works;




c. Maintain and operate the project after completion without cost to the

United States in accordance with regulations prescribed by the Secretary of the
Army, currently estimated at $300. 00 per year; and

d. Prevent future encroachment which might interfere with proper
functioning of the project for flood control.

IN WITNESS WHEREOF, the Town of Blackstone, acting by and through
its Board of Selectmen, has caused the within Assurance to be exec&ted and its

geal affixed hereto, this )/' %d £ ﬂ@o - 1970
R ZL ay o 22y . .

" TOWN OF BLACKSTONE -
By /,;.}/zm.”w, . _( e o

ACCEPTANCE

The within Assurance is hereby accepted for and on behalf of the United

States of America.

25 May 1970 W//fw

‘FRANK P. BANE
Colonel, Corps of Engineers
Division Engineer




CERTIFICATE

I, MIC th \r\ @‘[MVJ? , do hereby certify that I am the Town

—
Clerk of the Town of Blackstone named herein; that (1] £/

. ~
Y , and XDE’E/@?"A LomerLhe |, who signed

this Assurance on b;.half of the Town, were then and there, the members of thg
Board of Selectmen of the Town of Blackstone, by virtue of their authority, and
is within the scope of their statutory powers.

IN WITNESS WHEREOF, I have hereunto affixed my hand and seal of

the Town of Blackstone, this _JCgh _day of } ;Z/J. Y , 1970.

¢
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INSPECTION REPORT FORMS



CAL FLOOD PROTECTION PROJECT INSPECTION REPORT |

L0

|
b Project:

' Maintaining Agency:

| Type - Inspection: Semi-Annual Staff 90 Day Interim
River Basin: Date of Inspection
| Featore Sat fUnsat Deficiencies
%
PUMPING STATIONS - STRUCTURES
- [ INTERIOR
'  EXTERIOR J

PUMPS - MOTORS - ENGINES

TRIAL OPERATED
GENERAL CONDITION
| POWER SOURCE

INSULATION TESTS
METAL INTAKES/OUTLETS

CATE VALVES

GATES - DRAINAGE STRUCTURES

TRIAL OPERATED
GENERAL CONDITION
LUBRICATION

DIKES - DAMS

| GENERAL CONDITION
SLOPES/EROSION
SAND BOILS/CAVING
TRESPASSING

SLOPE PROTECTION
DRAINS

STOP-LOGS - LOG BOOM

CONDITION OF LOGS

AVAILABILITY OF LOGS
| HIGHWAY SLOTS
| STORAGE FACILITIES

| .CHANNELS - OUTLET WORKS CHANNEL

BANKS
- OBSTRUCTION CONTROL

NED ,fORM 5113




 Featare Deficiencies

CONCRETE STRUCTURES |

SURFACE

SETTLEMENT

~JOINTS

DRAINS

MISCELLANEOUS

FEMERGENCY OPER., PLAN

~EMERGENCY EQUIPMENT

SEMI-ANNUAL REPORT A _

b

ihspoction Party:

Ph‘ofbgrdphs_ Taken:

‘Ro'mar.k‘s & V‘Addi?iona.i Cdmmonts:

( Indicate Here Observations, Discussions, Specific Feature
- Deficiencies, Recommendations and any other pertinent information.
Use Continuation Sheet if necessary. ) ,

P ALL APPLICABLE ITEMS. IF UNSAT INDICATE SPECIFIC DEFICIENCIES. INDICATE IF NOT APPLICABLE.

| DATE -7t | INSPECTED BY: TYPED NAME & TITLE ' “SIGNATURE




APPENDIX D

FLOOD EMERGENCY MEASURES




Wall should be built on firm ELEVATION
foundation, with width of base

| af least 1% times the height.

Be sure to place sacks on ground

 clear of sand discharge.
Tie into dike if boil is near foe.

Sp//lwoy
N
Y Q
vy \s
3
N
f PLAN
&
\ Do rof sack bor/ which SAND BOIL
does ol put oul maleriol STANDARD HIGH WATER
| Sholy be oy suficient 0 MAINTENANCE INSTRUCTION
| creofe enough heod o slowv
[ a’am/n SfTow throvgth bos/ so NEW ENGLAND DIVISION
rhor 7o reriol 13 ois-
@ rhor o o morerial 22> | DISASTER OPERATING PROCEDURES
| Do nof Iry 7o slap fully, flow “FLOOD FIGHTING"
througlr bofl. ANNEX A !
PLATE VIT A




CORPS OF ENGINEERS U.S. ARMY

RIVERSIDE LANDSIDE
. Subsidence of crown
Z/Z/f.///_{_{/////////////_{_{////} V7777777
Pipe
= Seepage path — under levee
DEVELOPMENT OF PIPE UNDER LEVEE
Fig. |
RIVERSIDE 9 LANDSIDE
= ' Sloughing of slope
) QN
:bf Seepage pafh —
SLOUGHING OF LANDSLIDE SLOPE DUE
TO RAVELLING AND UNDERGCUTTING OF TOE
RIVERSIDE Fig. 2 LANDSIDE
S/iding surfoce
SIS S ///// SIS S ﬂ/// LSS :
> 5eepage pafh Reduction
- — n shear/’qa
DEVELOPMENT OF SHEAR SLIDE S*rength in
: this zone
Fig. 3
EFFECTS OF SAND BOILS
ON LEVEE
i . - NEW ENG! AND DIVISION
DISASTER OPERATING PROCEDURES
“FLOOD FIGHTING"
ANNEX A PLATE VII B




CORPS OF ENGINEERS,

U.S. ARMY

Lop sotvroled oreo

2 sock lenglhs. \___7
Adaitionol loyer— .----
PR WY
e - -4
R e S

-

e of solurolion

//// N
. o

Number of lyers defer
mned by velocity of
seepoge ord omount of
mofteriol bemng corried

oo soturofed

ELEVATION

When ovailable, instoll
filrer of brush _—

vrea 2 sock
wio'ths on bolh

endos. -~
I

Socks shHould be lord
stungle foshworn and 110f
rouled info ploce.

ELEVATION

. QL

8Brush Ffilrer, x
i avaoilable Q
“w

-

N

s

S

PLAN

SACKING SLOUGHS
STANDARD HIGH WATER
MAINTENANGE INSTRUCTION

NEW ENGLAND DIVISION

DISASTER OPERATING PROCEDURES

“FLOOD FIGHTING"
ANNEX A

PLATE




MODEL SACK DIKE OR TOPPING
Typical Section

i i g y o~
e SRASL = ‘o v v —_
TS TR ST TP S i PP TIPS
a i) R . » .
. o .. s - e w i 1Y

D - — A ———
.

MODEL SACK DIKE OR TOPPING
Riverside View PLATE VII D




RIVERSIDE

-

Note: Sacks should
be lapped ot least
i/3 o/l ways aond well
mauled or tomped
info place.

r‘*S// ight slope Yo
londward side

b N

DN YA

RIVERSIDE ELEVATION

SACKS REQUIRED PER 100 STA.
1001b."Feed” Sacks -1Cu.F?t. Each

Approx.Hgt. acks .
Soow Dike | _wigh _| Required
|- 3 300
2.0 49 750
3.0 (3 1400
4.0 8 2250
5.0 10 3250
6.0 12 4500
7.0 iq 5950
8.0 {1 6 7 600

SACK DIKE OR TOPPING
STANDARD HIGH WATER

MAINTENANCE INSTRUCTION

NEW ENGLAND D!VISION

DISASTER OPERATING PROCEDURES

“FLOOD FIGHTING"
ANNEX A PLATE VII E




ORP F_ENGI R Y. S _ARMY

/2= 12"

RIVERSIDE

FRONT _ELEVATION
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ANNEX A

PLATE VII F
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